Diagnosis ofCentral Nervous Systems
Malformations by Amniocentesis There have recently been a number of reports of successful diagnosis of anencephaly in late pregnancy by estimating a-fetoproteins raised in that condition (Brock & Sutcliffe 1972) . There are also reports of a-fetoproteins being raised in cases of spina bifida before the twentieth week (Lorber et al. 1973 , Nevin et al. 1973 . If these reports are confirmed then for the first time a feasible method for antenatal diagnosis of at least some cases of spina bifida will be available.
Other Methods Diagnostic ultrasound scanning is an effective method of diagnosing anencephaly as early as the thirteenth week of pregnancy and certainly before the twentieth week (Campbell et al. 1972) . The absence of a fetal head at that stage is diagnostic and should be sufficient evidence in a high risk pregnancy for termination. Unfortunately it is not at present possible to diagnose spina bifida by this method, or indeed by fetal radiology in early pregnancy, though this method may be useful for certain gross skeletal disorders such as achondrogenesis, which may be detectable as early as the nineteenth week.
Transabdominal fetoscopy has been attempted for the direct examination of the fetus with gross external abnormalities such as spina bifida. The instrument at present available has a short focal length and a narrow field of vision, making examination difficult and tedious, and an abnormality present is not always discovered. There also seems to be a high risk of precipitating an abortion. It is clear that until the instrument has been improved this approach cannot be used except for cases where there is an extremely high risk (Scrimgeour 1973) .
Conclusion
Antenatal diagnosis of fetal abnormality before the twentieth week of pregnancy is a fast expanding field. Down's syndrome and other chromosome abnormalities, fetal sexing for sex-linked disorders, some of the dysraphic neural tube malformations and one or two of the inherited metabolic disorders are now amenable to this approach, and other conditions will almost certainly be added in the near future. This work is specialized and should be carried out by teams of experts.
Professor Paul E Polani (Pa?diatric Research Unit, Guy's Hospital Medical School, London SEJ)
Incidence of Developmental and Other Genetic Abnormalities
The commoner morphological abnormalities (such as anencephaly, spina bifida, congenital heart disease, hypertrophic pyloric stenosis, and idiopathic scoliosis) affect in the aggregate more than 2 % of newborns. Some of these anomalies show regional variation in frequency. For many of them a multifactorial origin is postulated with multiple genes (and different alleles of these loci) and environmental forces acting together, and there can be the difficulty of disentangling familial clustering due to genes in common from that which is due to a shared environment.
Some 900 or so autosomal dominant (onequarter of them are lethal), some 800 autosomal recessive (half of them lethal) and about 150 sexlinked (X-linked) disorders (of which more than four-fifths are lethal) are known. Most of these inheritable conditions, due to single genes of large effect, are rare singly, though relatively common in the aggregate. These conditions are often genetically heterogenous (e.g. phenlyketonuria, galactosumia, &c.) and in assessing their population frequencies it must be remembered that single gene defects are distributed unevenly in different ethnic groups (e.g. Tay-Sachs disease, thalassemia, sickle-cell anamia, &c.). All in all, diseases caused by mutant genes of large effect may affect almost 0.8 % of births, and, in addition, malformation due to single mutant genes might affect 0.5 % of newborns, and erythroblastosis, based on genetic inequalities, may involve 0.4% of infants. A total estimate for single gene disorders could thus be between 1.3 % and 1.7 %. Chromosome anomalies with imbalance affect at least 0.5 % of infants.
Other developmental errors must also be considered, for example severe intellectual subnormalitywhose prevalence, when all affected subjects are likely to be known (between, say, ten and twenty years), could be over 0.35 % if one included some of the defects (e.g. mongolism) already consideredor cerebral palsy with a prevalence of about 0.1 %. In addition there is mild educational subnormality, estimated to have a maximum prevalence of 0.3 % or more, and conditions which, like inguinal hernia, are of minor import but may have a fairly high population prevalence.
It could thus be estimated that 6 % or more of persons suffer from developmental disorders manifest at birth or in early life, ranging from mild to severe, from curable through remediable to untreatable or even lethal. Congenital malformation is a term covering a wide variety of lesions from the trivial such as an accessory digit to the severe such .as a fatal cardiac defect. The pathologist is more likely to be concerned with the latter which is liable to result in fetal or early infant death. Major fetal abnormalities are an important cause of perinatal death and the incidence of such lesions is fairly stable throughout a period of years. They accounted for about 15% of perinatal deaths in the 1958 Perinatal Mortality Survey (Claireaux 1963), and for 20% of deaths in the British Births Survey 1970 (in preparation). In both cases their incidence was around 5/1000 deliveries.
The distribution of severe abnormalities is well known. According to McKeown & Record (1960) and Carter (1961) , their occurrence is 24/1000 births. The cardiovascular and central nervous systems are most frequently affected, and account for 6/1000 and 5.3/1000 of these severe malformations. More recently Campbell (1973) has indicated that malformations of the heart are found in 8/1000 births. Ofthese no less than 4/1000 are bicuspid aortic valves, seldom recognized in infancy. By far the commonest of the other malformations is a ventricular septal defect which accounts for 30% of the remainder. Atrial septal defects and persistent ductus arteriosus account for another 20 %, pulmonary stenosis and coarctation of the aorta 14 %, aortic stenosis and Fallot's tetralogy 12% and transposition of the great arteries 4 %. The mortality figures are almost the reverse of those for incidence; it is very high, about 90 %, for transposition of the great arteries and truncus arteriosus and comparatively low, 23 %, for patent ductus.
The major central nervous system abnormalities include anencephalus and hydrocephalus, the latter usually being associated with spina bifida, meningomyelocele, and an Arnold-Chiari malformation of the brain stem. The other severe brain malformation likely to be seen in the newborn period is an encephalocele. The alimentary system is not infrequently involved and atresias of the cesophagus with or without a tracheal fistula, duodenal and other small bowel atresias, volvulus and rectal agenesis with anal atresia, are relatively common. Renal malformations are less frequently seen; they include complete agenesis, cystic dysplasia and hydronephrosis, resulting from ureteric or urethral obstruction. The respiratory system, diaphragmatic hernia and tracheal fistula apart, is relatively spared. These are major structural defects liable to be found at necropsy in the fetus and newborn. It should be remembered that in about 30% of such necropsy material one major system defect may be accompanied by another system defect equally capable of a lethal outcome. Thus an infant with spina bifida and hydrocephalus may also have a severe cardiac malformation.
Major structural abnormalities are not the only form of congenital defect. In Hirschsprung's disease, which results from an absence of ganglion cells in the submucous and intramural plexus in the bowel, the lesion in this instance is at cellular level. There is a failure of migration of the appropriate nerve cell elements in a cephalocaudal direction along the intestine. Fortunately, in the majority of instances this is confined to the rectum and pelvic colon but in about 1 % of cases it extends throughout the small and large bowel.
Intracellular abnormalities account for a large group of diseases included in the term inborn errors of metabolism. In many instances the
